Details of polynucleotide flexibility may be probed through a combination of semiempirical potential energy calculations and statistical mechanical analyses. The pseudorotational motions of the furanose and the longrange correlated rotations of the chain backbone are described briefly here.
INTRODUCTION
The physical and biological properties of the polynucleotides reflect the three-dimensional spatial arrangements, or configurations, that the atoms comprising these chain molecules can assume. The chain configurations depend, in turn, upon the structural parameters (e.g., bond lengths and valence bond angles) defined by the chemical architecture of the system and the angles of Internal rotation (iji 1 , <f>', n>', u, <j>, iji, and X in Figure 1 ) described about the single bonds of the chain skeleton. Although subject to minor fluctuations, the structural parameters usually remain fixed in computational studies. The experimentally observed variations in bond lengths and valence angles occur more or less symetrically about mean values and the effects of those of opposite signs tend to cancel one another. 1 " 3 The rotations about the skeletal bonds, which are subject to much wider latitudes of variation, thus constitute the principal determinants of polynucleotide configuration. Those chain structures generated solely by rotational variations constitute a special category of molecular configurations, generally referred to as conformations.
The conformational flexibility of the polynucleotide chain is frequently described in terms of the mean-square end-to-end dimensions <r^>rj of the ideal unperturbed chain. This parameter may be related quantitatively to the structural geometry and the potential energies governing the local hindrances to internal rotations in the chain backbone through a simple sequence of matrix operations. 1 * The facility with which cyclic and looped polynucleo- Figure 1 Computer generated representation of a pdApdAp fragment of a polydeoxynucleotide chain showing chemical bonds and internal rotation angles.
tide structures are formed, through enzymatic reaction and hydrogen bonding associations, respectively, from the acyclic chain is related to the statistical distribution of the two ends of the molecule relative to one another and thus is also dependent upon the conformational character of the system. 
Values of a,and N as well as r° (van der Waals radii) and 5 (atomic charge)
are listed in Table I . The van der Waals constant d is chosen so that the London term plus the van der Waals term display a minimum at the distance iL, -r°, + r 0^ + 0.2S. This additional distance is used to correct for the effects of attractions imposed by other atoms in the molecule on the two-body force. 32 The parameter dj^ is then given as
The dielectric constant is set at 4.0 so that the numerical constant e required to yield Coulombic energies in kcal/mole is 83.
The endocyclic and exocyclic valence angle strain is accounted for by a sum of harmonic angle bending terms of the form:
The rest angles 8° are taken to be tetrahedral (1.91 rad.) and the K are estimated to be 40, 34, and 30 kcal/mole-rad 2 for C-O-C, C-C-O, and C-C-C sequences, respectively.
The V term is included to take account of the more subtle contrlbu-TOR tioos from bond orbitals associated with the atoms attached to a given bond, 33 " 35 including the effects of distortion of these orbitals by rotation. 35 The potential is taken to be threefold for the five torsions of The intrinsic tendency of O-C-C-C and O-C-C-0 sequences to favor gauche in favor of trans conformations is modeled by a phenomenological term
Barrier heights V 2 of 0.2 and 1.0 kcal/mole are introduced to reproduce the known ^/g energy differences of O-C-C-C and O-C-C-0 bond fragments, 37 respectively. The parameter A is a phase angle that relates the rotation of a given fragment to the torsion angle T sharing a common central bond.
The puckering preferences predicted on the basis of the potential energies are compared with the frequencies of X-ray observations in Table II The four quadrants (n, e, a, w) of pseudorotation space associated with the major categories of sugar puckering (C3'-endo, Ol'-endo, C2'-endo, Ol'-exo) are noted above the figure. 
